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(57) An apparatus 1 00 for measuring a gas concen- 
tration comprises a conduit 102 through which an ob- 
jective gas to be measured flows, a ultrasonic transmit- 
ting and receiving element 1 1 8 fixed in a straight portion 
108 of the conduit, a reflecting plate 122 fixed in the 
straight portion to face to the ultrasonic transmitting and 
receiving element, a transmit-receive switching element 
1 24 for switching the operational mode of the ultrasonic 
transmitting and receiving element between a transmit- 
ting mode and receiving mode. The apparatus further 
comprises a calibration gas source 114 for supplying a 
calibration gas of which components and component ra- 
tio are preliminarily known, temperature sensors 116, 
1 20 for measuring the temperature of the calibration gas 
flowing through the conduit, a propagation time calcu- 
lating means 1 26 for calculating the time period for prop- 
agation of the ultrasonic through the calibration gas in 
the conduit, a calibration means for calibrating the ref- 
erence distance between the ultrasonic transmitting and 
receiving element and the reflecting plate based on the 
calculation results of the propagation time calculating 
means. 
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Description 

Technical Field 

[0001] The invention relates to ultrasonic apparatus 
and method for measuring the concentration of oxygen 
gas in a sample gas and flow rate of the sample gas, 
which is supplied from an oxygen concentrator used for 
a medical purpose. 

Background Art 

[0002] It is well known that the propagation velocity of 
ultrasonic waves through a sample gas is presented by 
a function of the concentration and the temperature of 
the sample gas. The velocity of ultrasonic waves C(m/ 
sec) propagating through a sample gas is presented by 
following equation (1) with mean molecular weight M 
and the temperature T(K). 

C=(kRT/M) 1/2 (1) 

Where; 

k: ratio of molecular specific heat at constant vol- 
ume and molecular specific heat at constant pres- 
sure 

R: universal gas constant 

[0003] Therefore measuring the velocity of ultrasonic 
waves C(m/sec) propagating through a sample gas and 
the temperature T(K)of the sample gas will provide the 
mean molecular weight M of the sample gas through a 
calculation. For example, the mean molecular weight M 
of a sample gas containing an oxygen-nitrogen gas mix- 
ture of a mixture ratio P:(1 -P)(O^P^1) will be calculat- 
ed by M=M 02 P+M N2 (1-P), where M G2 : Molecular 
Weight of oxygen and M N2 : Molecular Weight of nitro- 
gen. Therefore, the oxygen concentration P will be ob- 
tained through a calculation on the basis of the meas- 
urement of mean molecular weight M. When the sample 
gas is an oxygen-nitrogen mixture, k=1.4 is reasonable 
over a wide range of the oxygen-nitrogen mixture ratio. 
[0004] When the velocity of ultrasonic waves propa- 
gating through a sample gas is C(m/sec) and the flow 
velocity of the sample gas is V(m/sec), the velocity of 
ultrasonic waves V^m/sec) propagating in the forward 
direction relative to the sample gas flow is V.,=C+V, and 
the velocity of ultrasonic waves V 2 (m/sec) propagating 
in the backward direction relative to the sample gas flow 
is V 2 =C+V. Therefore, the velocity of the sample gas 
flow V(m/sec) is calculated by following equation (2). 

V=(V r V 2 )/2 (2) 



[0005] The flow rate (m 3 /sec) of the sample gas will 
be obtained by multiplying this by the sectional area (m 2 ) 
of the conduit through which the sample gas flows. 
[0006] Methods and apparatuses for measuring the 
5 concentration of a certain gas or the flow velocity of a 
sample gas, by using the above principle, on the basis 
of the propagation velocity or the propagation time of 
ultrasonic waves through the sample gas have been de- 
veloped. For example, Japanese Unexamined Patent 
10 Publication (Kokai) No. 6-213877 describes an appara- 
tus for measuring the concentration and the flow rate of 
a sample gas by measuring the propagation time of ul- 
trasonic waves propagating between two ultrasonic 
transducers opposingly disposed in a conduit through 
15 which the sample gas flows. Further, Japanese Unex- 
amined Patent Publications (Kokai) No. 7-209265 and 
No. 8-23371 8 describe an apparatus for measuring the 
concentration of a certain gas contained in a sample gas 
by measuring the propagation velocity or propagation 
20 time of ultrasonic waves propagating through a volume 
with a reflecting type apparatus including a ultrasonic 
transducer and an opposingly disposed reflector. 
[0007] In such a method and an apparatus for meas- 
uring the concentration and the flow rate by using the 
25 propagation velocity of the ultrasonic waves, it is nec- 
essary to accurately determine the propagation length 
of the ultrasonic waves, that is the distance between the 
transducers or between the transducer and the reflector, 
and the inner diameter of the conduit. However, the 
30 propagation length and the inner diameter of a conduit 
are adversely affected by the changes in the size of the 
conduit due to the changes in the temperature of the 
sample gas. Further, the propagation length of ultrason- 
ic waves and the inner diameter of a conduit are also 
35 affected by the accuracies in machining or assembling 
the conduit, assembling the ultrasonic transducer and 
the reflector, and machining the ultrasonic transducer. 
Therefore, it is difficult to obtain the propagation length 
of ultrasonic waves and the inner diameter of a conduit 
40 accurately, which reduces the measurement accuracy. 
[0008] Above described Japanese Unexamined Pat- 
ent Publications (Kokai) No. 6-213877 and No. 
8-233718 describe a temperature correction factor in- 
troduced to improve the temperature characteristics of 
45 the concentration measurement results. Further, there 
is a method in which the relations between the temper- 
ature, the propagation velocity of ultrasonic waves and 
the concentration are stored in a memory device as a 
table. However, in order to obtain such a temperature 
50 correction factor or table, a sample gas must be supplied 
to the device at various different temperatures to previ- 
ously obtain the temperature characteristics of the ap- 
paratus. Therefore, a large amount of effort is required. 
[0009] Further, a method for minimizing the tempera- 
55 ture characteristics of the measurement results has 
been proposed in which whole of an apparatus is dis- 
posed under a temperature control forthe measurement 
at a constant temperature. However, in this method, 
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there is a problem that it is difficult to accurately control 
the temperature of the apparatus, in particular the con- 
duit in addition to the necessity of a separate facility for 
conducting the temperature control. 

Disclosure of the Invention 

[001 0] The objective of the present invention is to pro- 
vide a ultrasonic concentration measuring apparatus 
and method which allows the calibration of the appara- 
tus by a simple method and can accurately measure the 
concentration of a certain gas in a sample gas independ- 
ently of the temperature of the sample gas. 
[0011] Further, the objective of the present invention 
is to provide a ultrasonic flow rate measuring apparatus 
and method which allows the calibration of the appara- 
tus by a simple method and can accurately measure the 
flow rate of a sample gas independently of the temper- 
ature of the sample gas. 

[0012] According to the present invention, there is 
provided a ultrasonic apparatus for measuring a gas 
concentration, comprising: a conduit for flowing an ob- 
jective gas, the concentration of which is to be meas- 
ured; a ultrasonic transmission-reception device mount- 
ed to the inside of the conduit; a reflector mounted to 
the inside of the conduit to face the ultrasonic transmis- 
sion-reception device; a transmission-reception switch 
for switching the operation mode of the ultrasonic trans- 
mission-reception device between a transmission mode 
for transmitting ultrasonic waves and a reception mode 
for receiving ultrasonic waves; a calibration gas source 
for supplying a calibration gas, the component and the 
component ratio of which are known, to the conduit; 

a temperature sensor, disposed in the conduit, for 
measuring the temperature of the calibration gas flowing 
through the conduit; propagation time calculation 
means for calculating the time period where the ultra- 
sonic waves propagates through the calibration gas in 
the conduit on the basis of the time when the ultrasonic 
transmission-reception device transmits the ultrasonic 
waves and the time when the ultrasonic transmission- 
reception device receives the ultrasonic waves reflected 
by the reflector; and calibration means for calibrating a 
reference length between the ultrasonic transmission- 
reception device and the reflector on the basis of the 
calculation results by the propagation time calculation 
means. 

[0013] Further, according to another feature of the in- 
vention, there is provided a method of measuring the 
concentration of an objective gas by a ultrasonic gas 
concentration measuring apparatus which comprises, a 
conduit for flowing an objective gas, the concentration 
of which is to be measured, a ultrasonic transmission- 
reception device mounted to the inside of the conduit, a 
reflector mounted to the inside of the conduit to face the 
ultrasonic transmission-reception device, and a trans- 
mission-reception switch for switching the operation 
mode of the ultrasonic transmission-reception device 



between a transmission mode for transmitting ultrasonic 
waves and a reception mode for receiving ultrasonic 
waves; the method comprising, prior to the start of the 
process for measuring the concentration of the gas to 

5 be measured, the steps of: supplying a calibration gas, 
the component and the component ratio of which are 
known, to the conduit; measuring the temperature of the 
calibration gas flowing through the conduit by a temper- 
ature sensor disposed in the conduit; generating ultra- 

10 sonic waves by the ultrasonic transmission-reception 
device; switching the operation mode of the transmis- 
sion-reception device from the transmission mode for 
transmitting the ultrasonic waves to the reception mode 
for receiving the ultrasonic waves; calculating propaga- 

15 tion time period where the ultrasonic waves propagates 
through the calibration gas in the conduit on the basis 
of the time when the ultrasonic transmission-reception 
device transmits the ultrasonic waves and the time when 
the ultrasonic transmission-reception device receives 

20 the ultrasonic waves reflected by the reflector; and cal- 
ibrating a reference length between the ultrasonic trans- 
mission-reception device and the reflector on the basis 
of the calculation results. 

[001 4] Further, according to another feature of the in- 

25 vention, there is provided a ultrasonic apparatus for 
measuring a gas concentration, comprising: a conduit 
for flowing an objective gas, the concentration of which 
is to be measured; a first ultrasonic transmission-recep- 
tion device mounted to the inside of the conduit; a sec- 

30 ond ultrasonic transmission-reception device mounted 
to the inside of the conduit to face the first ultrasonic 
transmission-reception device; a transmission-recep- 
tion switch for switching the operation mode of the first 
and second ultrasonic transmission-reception devices 

35 between a transmission mode for transmitting ultrasonic 
waves and a reception mode for receiving ultrasonic 
waves; a calibration gas source for supplying a calibra- 
tion gas, the component and the component ratio of 
which are known, to the conduit; a temperature sensor, 

40 disposed in the conduit, for measuring the temperature 
of the calibration gas flowing through the conduit; prop- 
agation time calculation means for calculating a first 
propagation time period where the ultrasonic waves 
propagates through the calibration gas in the conduit on 

45 the basis of the time when the first ultrasonic transmis- 
sion-reception device transmits the ultrasonic waves 
and the time when the second ultrasonic transmission- 
reception device receives the ultrasonic waves, and a 
second propagation time period where the ultrasonic 

so waves propagates through the calibration gas in the 
conduit on the basis of the time when the second ultra- 
sonic transmission-reception device transmits the ultra- 
sonic waves and the time when the first ultrasonic trans- 
mission-reception device receives the ultrasonic waves; 

55 and calibration means for calibrating a reference length 
between the first and second ultrasonic transmission- 
reception devices on the basis of the calculation results 
by the propagation time calculation means. 
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[001 5] Further, according to another feature of the in- 
vention, there is provided a method of measuring the 
concentration of an objective gas by a ultrasonic gas 
concentration measuring apparatus which comprises, a 
conduit for flowing an objective gas, the concentration 
of which is to be measured, a first ultrasonic transmis- 
sion-reception device mounted to the inside of the con- 
duit, a second ultrasonic transmission-reception device 
mounted to the inside of the conduit to face the first ul- 
trasonic transmission-reception device, and a transmis- 
sion-reception switch for switching the operation mode 
of the first and second ultrasonic transmission-reception 
devices between a transmission mode for transmitting 
ultrasonic waves and a reception mode for receiving ul- 
trasonic waves; the method comprising, prior to the start 
of the process for measuring the concentration of the 
gas to be measured, the steps of: supplying a calibration 
gas, the component and the component ratio of which 
are known, to the conduit; measuring the temperature 
of the calibration gas flowing through the conduit by a 
temperature sensor disposed in the conduit; generating 
ultrasonic waves by the first ultrasonic transmission-re- 
ception device and receiving the ultrasonic waves by the 
second ultrasonic transmission-reception device; 
switching the operation mode of the first transmission- 
reception device from the transmission mode to the re- 
ception mode and the operation mode of the second 
transmission-reception device from the reception mode 
to the transmission mode; calculating a first propagation 
time period where the ultrasonic waves propagates 
through the calibration gas in the conduit on the basis 
of the time when the. first ultrasonic transmission -recep- 
tion device transmits the ultrasonic waves and the time 
when the second ultrasonic transmission-reception de- 
vice receives the ultrasonic waves, and a second prop- 
agation time period where the ultrasonic waves propa- 
gates through the calibration gas in the conduit on the 
basis of the time when the second ultrasonic transmis- 
sion-reception device transmits the ultrasonic waves 
and the time when the first ultrasonic transmission-re- 
ception device receives the ultrasonic waves; and cali- 
brating a reference length between the first and second 
ultrasonic transmission-reception devices on the basis 
of the calculation results. 

[0016] Further, according to another feature of the in- 
vention, there is provided a ultrasonic apparatus for 
measuring a gas flow rate, comprising: a conduit for 
flowing an objective gas, the concentration of which is 
to be measured; a first ultrasonic transmission-recep- 
tion device mounted to the inside of the conduit; a sec- 
ond ultrasonic transmission -reception device mounted 
to the inside of the conduit to face the first ultrasonic 
transmission-reception device; a transmission-recep- 
tion switch for switching the operation mode of the first 
and second ultrasonic transmission-reception devices 
between a transmission mode for transmitting ultrasonic 
waves and a reception mode for receiving ultrasonic 
waves; a calibration gas source for supplying a calibra- 



tion gas, the component and the component ratio of 
which are known, to the conduit; a temperature sensor, 
disposed in the conduit, for measuring the temperature 
of the calibration gas flowing through the conduit; prop- 

5 agation time calculation means for calculating a first 
propagation time period where the ultrasonic waves 
propagates through the calibration gas in the conduit on 
the basis of the time when the first ultrasonic transmis- 
sion-reception device transmits the ultrasonic waves 

10 and the time when the second ultrasonic transmission- 
reception device receives the ultrasonic waves, and a 
second propagation time period where the ultrasonic 
waves propagates through the calibration gas in the 
conduit on the basis of the time when the second ultra- 

15 sonic transmission-reception device transmits the ultra- 
sonic waves and the time when the first ultrasonic trans- 
mission-reception device receives the ultrasonic waves; 
and calibration means for calibrating a reference length 
between the first and second ultrasonic transmission- 
20 reception devices and the inner diameter of the conduit, 
on the basis of the calculation results by the propagation 
time calculation means. 

[0017] Further, according to another feature of the in- 
vention, there is provided a method of measuring the 

25 flow rate of an objective gas by a ultrasonic gas concen- 
tration measuring apparatus which comprises, a conduit 
for flowing an objective gas, the concentration of which 
is to be measured, a first ultrasonic transmission-recep- 
tion device mounted to the inside of the conduit, a sec- 

30 ond ultrasonic transmission-reception device mounted 
to the inside of the conduit to face the first ultrasonic 
transmission-reception device, and a transmission-re- 
ception switch for switching the operation mode of the 
first and second ultrasonic transmission-reception de- 

35 vices between a transmission mode for transmitting ul- 
trasonic waves and a reception mode for receiving ul- 
trasonic waves; the method comprising, priorto the start 
of the process for measuring the concentration of the 
gas to be measured, the steps of: supplying a calibration 

40 gas, the component and the component ratio of which 
are known, to the conduit; measuring the temperature 
of the calibration gas flowing through the conduit by a 
temperature sensor disposed in the conduit; generating 
ultrasonic waves by the first ultrasonic transmission-re- 

45 ception device and receiving the ultrasonic waves by the 
second ultrasonic transmission-reception device; 
switching the operation mode of the first transmission- 
reception device from the transmission mode to the re- 
ception mode and the operation mode of the second 

50 transmission-reception device from the reception mode 
to the transmission mode; calculating a first propagation 
time period where the ultrasonic waves propagates 
through the calibration gas in the conduit on the basis 
of the time when the first ultrasonic transmission-recep- 

55 tion device transmits the ultrasonic waves and the time 
when the second ultrasonic transmission-reception de- 
vice receives the ultrasonic waves, and a second prop- 
agation time period where the ultrasonic waves propa- 
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gates through the calibration gas. in the conduit on the 
basis of the time when the second ultrasonic transmis- 
sion-reception device transmits the ultrasonic waves 
and the time when the first ultrasonic transmission-re- 
ception device receives the ultrasonic waves; and cali- 
brating a reference length between the first and second 
ultrasonic transmission-reception devices and the inner 
diameter of the conduit, on the basis of the calculation 
results. 

Brief Description of the Drawings 
[0018] 

Figure 1 is a schematic diagram of an apparatus 
according to a first embodiment of the invention; 
and 

Figure 2 is a schematic diagram of an apparatus 
according to a second embodiment of the invention 

Best Mode for Carrying out the Invention 

[001 9] A preferred embodiment of the present inven- 
tion will be described below. In the embodiment de- 
scribed below, a case is indicated as an example in 
which the sample gas is composed of a mixture of oxy- 
gen and nitrogen. However, the measurable sample gas 
is not limited to a sample gas of oxygen and nitrogen 
and the present invention can be supplied to a mixture 
including another gases. 

[0020] Figure 1 shows a schematic diagram of a ul- 
trasonic gas concentration measuring apparatus ac- 
cording to a first embodiment of the present invention. 
The apparatus 100 includes a conduit 102 for flowing a 
sample gas or a calibration gas. The conduit 102 has a 
straight portion 1 08 and perpendicular portions 1 04 and 
1 06 connected to the ends of the straight portion. A ul- 
trasonic transducer 1 1 8 is fixedly provided at an end of 
the inside of the straight portion 108 as a ultrasonic 
transmission-reception device, and a reflector 122 is fix- 
edly mounted to the other end of the inside of the straight 
portion 108 to face the ultrasonic transducer 118. In this 
embodiment, the distance between the ultrasonic trans- 
ducer 118 and the reflector 122 is defined as a test 
length. 

[0021] A transmission-reception switch 124 is con- 
nected to the ultrasonic transducer 118. The transmis- 
sion-reception switch 124 switches the operation mode 
of the ultrasonic transducer 1 1 8 between a transmission 
mode in which the ultrasonic transducer 118 transmits 
ultrasonic waves and a reception mode in which the ul- 
trasonic transducer 118 receives the ultrasonic waves. 
The transmission-reception switch 124 is connected to 
a microcomputer 126 so that the switching operation of 
transmission-reception switch 124 is controlled by the 
microcomputer 126. 

[0022] The perpendicular portion 1 04, disposed at the 
upstream side relative to the flow direction of the gas 



through the conduit 102, has an inlet port 104a. A sam- 
ple gas source 1 1 2 and a calibration gas source 1 1 4 are 
connected to the inlet port 104a through a supply con- 
duit 1 1 0. The sample gas source 1 1 2 includes a vessel 
5 (not shown) for containing a sample gas or a mixture 
including a gas, the concentration of which is to be 
measure and a pressure reducing valve (not shown) 
provided between the vessel and the supply conduit 
110. 

10 [0023] The calibration gas source 114 may include a 
vessel (not shown) for containing a calibration gas, the 
component and the component ratio of which is known, 
for example, a gas mixture including 20% of oxygen and 
80% of nitrogen, and a pressure reducing valve (not 

is shown) provided between the vessel and the supply 
conduit 110. The calibration gas source 114 may also 
include a temperature regulator 113, which provide 
means for changing the temperature of the device 1 00, 
in particular the conduit 102. In the example shown in 

20 Figure 1 , the temperature regulator 1 1 3 includes a heat- 
ing wire 1 1 3a and an electric power source 1 1 3b forsup- 
plying the electric power to the heating wire 113a. 
[0024] The perpendicular portion 1 06, disposed at the 
downstream side relative to the flow direction of the gas 

25 through the conduit 102, has an outlet port 106a. The 
sample gas or the calibration gas used for the concen- 
tration measurement or the calibration is exhausted 
through the outlet port 106a. A gas processing appara- 
tus (not shown) may advantageously be disposed 

30 downstream of the outlet port 106 in case that the ex- 
hausted gas is not suitable to directly exhaust to the at- 
mosphere. 

[0025] Temperature sensors 116 and 120, for meas- 
uring the temperature of the sample gas or the calibra- 

35 tion gas flowing through the conduit 102, are disposed 
preferably in the perpendicular portions 1 04 and 1 06 so 
that they do not disturb the flow in the straight portion 
1 08. The temperature sensors 1 1 6 and 1 20 are connect- 
ed to the microcomputer 126. In this connection, if the 

40 changes in the temperature of the sample gas is small, 
only one of the temperature sensors 1 1 6 or 1 20 may be 
disposed. 

[0026] A driver 1 28 for driving the u Itrason ic transduc- 
er 1 1 8, a receiver 1 30 for A/D conversion of the signals 

45 from the ultrasonic transducer 118, a display unit 134 
for indicating, for example, the operating condition of the 
device 100 and the measurement results and memory 
133 including a nonvolatile memory device or a disc de- 
vice for storing the operation system for the microcom- 

50 puter 1 26 and various parameters are connected to the 
microcomputer 126 

[0027] The operation of the first embodiment will be 
described below. 

[0028] First, prior to the initiation of the normal meas- 
55 uring process for measuring the concentration of a cer- 
tain gas contained in the sample gas, the test length be- 
tween the ultrasonic transmission-reception device 118 
and the reflector 122 is calibrated, in accordance with 
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the sequence described below, to obtain the reference 
length Lq. 

[0029] A gas mixture, the component and the compo- 
nent ratio of which are known, for example an oxygen- 
nitrogen gas mixture of which mixture ratio is P:(1-P) 
(O^P^1 ), is supplied to the conduit 1 02 as the calibra- 
tion gas. At that time, the temperatures of the calibration 
gas are measured by the two temperature sensors 116 
and 120 and the mean value thereof is stored in the 
memory 1 32 as a reference temperature T 0 (K). The ref- 
erence temperature T 0 (K) may be any value which does 
not exceed the working temperature range of the device. 
[0030] During the supply of the calibration gas, pulses 
for generating the ultrasonic waves are transmitted to 
the driver 1 28 from the microcomputer 126. A pulse volt- 
age is supplied to the ultrasonic transducer 1 1 8 from the 
driver 128 through the transmission-reception switch 
124. The ultrasonic transducer 118 generates ultrasonic 
waves corresponding to the pulse voltage. The ultrason- 
ic waves generated by the ultrasonic transducer 118 
propagate through the sample gas flowing through the 
straight portion 1 08 of the conduit 102 and are reflected 
by the reflector 1 22 to return to the ultrasonic transducer 
118. In order to enable the ultrasonic transducer 1 1 8 to 
receive the returned ultrasonic waves, the transmission- 
reception switch 124 switches the operation mode of the 
ultrasonic transducer from the transmission mode to the 
reception mode right after the application of the pulse 
voltage to the ultrasonic transducer 1 1 8. The ultrasonic 
transducer 1 1 8 generates an electric signal correspond- 
ing to the received ultrasonic waves to the microcom- 
puter 126 through the transmission-reception switch 
124 and the receiver 130. The microcomputer 126 cal- 
culates the propagation time to(sec) on the basis of the 
time when the transmitted pulses are generated to the 
first transducer 1 1 8 and the time when the electric signal 
is received from the ultrasonic transducer 118. 
[0031] In this connection, the ultrasonic propagation 
velocity C 0 (m/sec) through the calibration gas at'a tem- 
perature T 0 (K) is calculated by the equation (3) on the 
basis of above-described equation (1). 

C 0 = (KRToMMoaP+M^I-P))) 1/2 (3) 
[0032] On the other hand, the relation 

C 0 =2L 0 /t 0 (4) 
gives the following equation. 

L 0 =((KRT 0 )/(M O2 P + M N2 (1-P))) 1/2 xt 0 /2 (5) 

[0033] Further, in the first embodiment, if the ultrason- 
ic propagation velocity through a static calibration gas 



is C(m/sec) and the flow velocity of the sample gas from 
the ultrasonic transducer 118 toward the reflector 122 is 
V(m/sec), then the ultrasonic propagation velocity from 
the ultrasonic transducer 1 1 8 to the reflector 1 22 is C+V 

s and the ultrasonic propagation velocity in the direction 
of the ultrasonic waves reflected to the ultrasonic trans- 
ducer 118 by the reflector 122 is C-V. Accordingly, the 
ultrasonic propagation velocity measured by the appa- 
ratus 100 of the first embodiment is the mean velocity 

10 of the reciprocating ultrasonic waves. Therefore, the 
flow velocity V of the sample gas is cancelled to allow 
the ultrasonic propagation velocity C through the static 
sample gas. 

[0034] These calculations are conducted by the mi- 
15 crocomputer 1 26. The test length Lo(m) thus calculated 
at the reference temperature T 0 is stored in the memory 
132 as the reference length. 

[0035] The reference length l_o(m) between the ultra- 
sonic transducer 118 and the reflector 122 at the tem- 
perature T 0 (K) is calibrated according the above method 
by supplying a calibration gas, the component and the 
component ratio of which is known, to the device 100 
and measuring the propagation time t 0 (sec) of the ultra- 
sonic waves generated by the ultrasonic transducer 
1 1 8. This calibration process can be automatically com- 
pleted by the microcomputer 126 through a simple op- 
eration, for example one push of a button (not shown) 
provided on the device 100 when the calibration gas is 
supplied. Further, the process can be completed on the 
instant because the calculation itself is simple. Further, 
if the relative position between the ultrasonic transducer 
1 1 8 and the reflector 1 22 is changed due to the secular 
change in the device 100, the device can be easily cal- 
ibrated again to renew the reference temperature and 
the reference length stored in the memory 132. 
[0036] A method of measuring the oxygen concentra- 
tion in a sample gas containing unknown concentrations 
of oxygen and nitrogen will be described below. 
[0037] First, the explanation will be directed to an ex- 
ample in which the linear expansion coefficient cc(1/K) 
of the conduit 1 02 is known. 

[0038] When a measurement of a sample gas is con- 
ducted, the test length L s (m) at a temperature T S (K) can 
be obtained by reading the reference length L 0 (m) and 
the reference temperature T 0 (K) which have been 
stored in the memory 132 and by correcting the refer- 
ence length l_o(m) according to the following equation 
(6). The measured temperature T S (K) can be the mean 
value of temperatures sensed by the temperature sen- 
sors 116 and 120. 

L s =L 0 (1 + a(T s -T 0 )) (6) 

[0039] The ultrasonic transducer 118 is set to the 
transmission mode when a sample gas is supplied to 
the apparatus 1 00, as in the calibration of the test length 
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of the apparatus 100. Then, transmitted pulses for the 
ultrasonic waves are generated by the microcomputer 
1 26 to the driver 1 28 so that the pulse voltage is supplied 
to the ultrasonic transducer 118 through the transmis- 
sion-reception switch 124. Thus, the ultrasonic waves, 
corresponding to the transmitted pulses from the micro- 
computer 1 26, are generated by the ultrasonic transduc- 
er 118. Right after that, the ultrasonic transducer 118 
operates at the reception mode by transmission-recep- 
tion switch 124 to generate the electric signal, corre- 
sponding to the received ultrasonic waves, to the micro- 
computer 126 through the transmission-reception 
switch 124 and the receiver 130. The microcomputer 
1 26 calculates the propagation time t s (sec) on the basis 
of the time when the transmitted pulses are generated 
to the driver 128 and the time when the electric signal 
is received from the ultrasonic transducer 11 8. Then . the 
ultrasonic propagation velocity C s (m/sec) through the 
sample gas is obtained by flowing equation (7). 

C s =2L s /t s (7) 

[0040] The concentration of oxygen P s is obtained by 
following equation (8) on the basis of equation (3). 

P s =(kRT s /C s 2 -M N2 )/(M 02 -M N2 ) (8) 

[0041] Further, the concentration of oxygen in the 
sample gas can be obtained as a ratio of the ultrasonic 
propagation velocity in the sample gas and the ultrason- 
ic propagation velocities in 100% of oxygen gas and 
100% of nitrogen gas. That is, the ultrasonic propaga- 
tion velocity C 02 (m/sec) at temperature T S (K) through 
1 00% of oxygen gas and the ultrasonic propagation ve- 
locity C N2 (m/sec) at temperature T S (K) through 100% 
of nitrogen gas can be easily obtained by using equation 
(1). Thus, P s can be calculated by following equation 
(9) with the ultrasonic propagation velocity C s (m/sec) 
through the sample gas. 

Ps=( 1/c s 2 - 1/C N2 2 V(1/Co2 2 -1/C N2 2 ) (9) 

[0042] Such calculations are conducted by the micro- 
computer 126, and the results are indicated by the dis- 
play unit 134. 

[0043] Next, the explanation will be directed to an ex- 
ample in which the linear expansion coefficient a(1/K) 
of the conduit 1 02 is unknown. In such acase : the linear 
expansion coefficient a(1/K) can be easily obtained by 
using the apparatus 100. 

[0044] A calibration gas is supplied to the apparatus 
1 00 at a first temperature T 1 (K) set by the temperature 
regulator 113. The test length L^m) between the ultra- 
sonic transmission-reception device 118 and the reflec- 



tor 122 is measured by the above-described method for 
calibrating the reference length. Then, the calibration 
gas is supplied at temperature T 2 (K) (T 2 ^T n ) to measure 
the test length L 2 (m). In this case, the largerthe temper- 

5 ature difference between T 1 and T 2 , the better the ac- 
curacy of the linear expansion coefficient ct(1/K) ob- 
tained. For example, the measurement can be prefera- 
bly conducted at temperatures adjacent the minimum 
and maximum values of the temperature range for use 

10 of the apparatus. 

[0045] When T 1 , L, , T 2 , L 2 are obtained, the linear ex- 
pansion coefficient a(1/K) of the material forming the 
conduit 102 is obtained by following equation (10). 

a=(L,-L 2 )/L,(T v T z ) (10) 

[0046] The above calculation is conducted by the mi- 
crocomputer 126 and the linear expansion coefficient a 

20 (1/K) thus obtained is stored in the memory 132. 

[0047] According to the above-described method, the 
linear expansion coefficient a of the material of the con- 
duit 1 02 can be accurately obtained by supplying single 
calibration gas to the apparatus 1 00 at two different tem- 

25 peratures. This method can be carried out by a simple 
measurement and calculation. Therefore, if the linear 
expansion coefficient of the material of the conduit 102 
is changed due to the secular change in the material of 
the conduit 1 02, the linear expansion coefficient can be 

30 easily measured again to renew the linear expansion co- 
efficient stored in the memory 132. 
[0048] In the above description, an example has been 
explained in which the temperature of the calibration gas 
supplied to the conduit 1 02 is regulated by the temper- 

35 ature regulator 113, which provides means forchanging 
the temperature of the apparatus 100, in particular the 
conduit 1 02. This configuration is shown as an example 
of means forchanging the temperature of the apparatus, 
in particular the conduit 1 02 by the changes in the tem- 

40 perature of the calibration gas with a premise that there 
is a correlation between the temperature of the calibra- 
tion gas flowing through the conduit 1 02 and that of the 
conduit 102. However, the present invention is not lim- 
ited to this configuration, and the apparatus 100 may be 

45 disposed in a thermostatic chamber in the production 
process of the apparatus 1 00 so that whole of the ap- 
paratus and the temperature of the gas supplied to the 
apparatus 1 00 set to a predetermined temperature, and 
the linear expansion coefficient a is obtained under such 

50 a condition. 

[0049] Next, with reference to Figure 2, a second em- 
bodiment of the present invention will be described be- 
low. The second embodiment has substantially the 
same configuration of the first embodiment, except for 

55 that the reflector in the first embodiment is replaced with 
a second ultrasonic transducer, which provides a ultra- 
sonic transmission-reception device, disposed to face a 



7 



BNSDOCID: <EP 1286159A1_I_> 



13 



EP 1 286 159 A1 



14 



first ultrasonic transducer 21 8, which provides a first ul- 
trasonic transmission-reception device. 
[0050] A ultrasonic gas concentration and flow rate 
measuring apparatus 200 according to the second em- 
bodiment includes a conduit 202 for flowing a sample 
gas or a calibration gas. The conduit 202 has a straight 
portion 208 and perpendicular portions 204 and 206 
connected to the ends of the straight portion. The 
straight portion 208 comprises a conduit member having 
a circular section, the diameter of which does not chang- 
es along the longitudinal axis. A first ultrasonic trans- 
ducer 218, providing a first ultrasonic transmission-re- 
ception device, is fixedly provided at an end of the inside 
of the straight portion, and a second ultrasonic trans- 
ducer 222, providing a second ultrasonic transmission 
reception device, is fixedly mounted to the other end of 
the inside of the straight portion to face the first ultra- 
sonic transducer 218. In this embodiment, the distance 
between the first and second ultrasonic transducers 21 8 
and 222 is defined as a test length. 
[0051] A transmission-reception switch 224 is con- 
nected to the first and second ultrasonic transducers 
218 and 222. The transmission-reception switch 224 
switches the operation mode of the first and second ul- 
trasonic transducers 218 and 222 independently be- 
tween a transmission mode in which the first and second 
ultrasonic transducers 21 8 and 222 transmit ultrasonic 
waves and a reception mode in which the first and sec- 
ond ultrasonic transducers 218 and 222 receive the ul- 
trasonic waves. The transmission-reception switch 224 
is connected to a microcomputer 226 so that the switch- 
ing operation of transmission-reception switch 224 is 
controlled by the microcomputer 226. 
[0052] The perpendicular portion 204, disposed at the 
upstream side relative to the flow direction of the gas 
through the conduit 202, has an inlet port 204a. A sam- 
ple gas source 212 and a calibration gas source 214 are 
connected to the inlet port 204a through a supply con- 
duit 210. The sample gas source 212 includes a vessel 
(not shown) for containing a sample gas or a mixture 
including a gas, the concentration of which is to be 
measure, a pressure reducing valve (not shown) provid- 
ed between the vessel and the supply conduit 21 0 and 
a flow regulating valve (not shown) for regulating the 
flow rate of the calibration gas from the calibration gas 
source 214. 

[0053] The calibration gas source 214 may include a 
vessel (not shown) for containing a calibration gas, the 
component and the component ratio of which are 
known, and a pressure reducing valve (not shown) pro- 
vided between the vessel and the supply conduit 210. 
The calibration gas source 21 4 may also include a tem- 
perature regulator 213, which provides means for 
changing the temperature of the device 200, in particular 
the conduit 202. In the example shown in Figure 2, the 
temperature regulator 21 3 includes a heating wire 21 3a 
and an electric power source 213b for supplying the 
electric power to the heating wire 213a. 



[0054] The perpendicular portion 206, disposed at the 
downstream side relative to the flow direction of the gas 
through the conduit 202, has an outlet port 206a. The 
sample gas or the calibration gas used for the concen- 
5 tration measurement or the calibration is exhausted 
through the outlet port 206a. A gas processing appara- 
tus (not shown) may advantageously be disposed 
downstream of the outlet port 206 in case that the ex- 
hausted gas is not suitable to directly exhaust to the at- 

10 mosphere. 

[0055] Temperature sensors 21 6 and 220, for meas- 
uring the temperature of the sample gas or the calibra- 
tion gas flowing through the conduit 202, are disposed 
preferably in the perpendicular portions 204 and 206 so 

15 that they do not disturb the flow in the straight portion 
208. The temperature sensors 216 and 220 are con- 
nected to the microcomputer 226. In this connection, if 
the changes in the temperature of the sample gas is 
small, only one of the temperature sensors 216 or 220 

20 may be disposed. 

[0056] A driver 228 for driving the first ultrasonic 
transducer 21 8, a receiver 230 for A/D conversion of the 
signals from the first ultrasonic transducer 21 8, a display 
unit 234 for indicating, for example, the operating con- 

25 dition of the device 200 and the measurement results 
and memory 233 including a nonvolatile memory device 
or a disc device for storing the operation system for the 
microcomputer 226 and various parameters are con- 
nected to the microcomputer 226 

30 [0057] The operation of the second embodiment will 
be described below. 

[0058] First, prior to the initiation of the normal meas- 
uring process for measuring the concentration of a cer- 
tain gas contained in the sample gas, the test length be- 
35 tween the first and second ultrasonic transducers 218 
and 222 and the inner diameter D of the straight portion 
208 of the conduit 202 to obtain the reference length L 0 
and the reference diameter D 0 . 

[0059] In the present embodiment, the calibration 

40 gas, identical to that in the first embodiment, is supplied 
to the conduit 202 from the calibration gas source 214 
at a predetermined rate Q 0 by the flow regulating valve. 
At that time, the temperatures of the calibration gas are 
measured by the two temperature sensors 21 6 and 220 

45 and the mean value thereof is stored in the memory 232 
as a reference temperature T 0 (K). 
[0060] During the supply of the calibration gas, pulses 
for generating the ultrasonic waves are transmitted to 
the driver 228 from the microcomputer 226 . A pulse volt- 

50 age is supplied to the first ultrasonic transducer 21 8from 
the driver 228 through the transmission-reception 
switch 224. The first ultrasonic transducer 218 gener- 
ates ultrasonic waves corresponding to the pulse volt- 
age. The ultrasonic waves generated by the first ultra- 

55 sonic transducer 2 1 8 propagate through the sample gas 
flowing through the straight portion 208 of the conduit 
202 and are received by the second ultrasonic transduc- 
er 222. The second ultrasonic transducer 222 generates 
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an electric signal corresponding to the received ultra- 
sonic waves to the microcomputer 226 through the 
transmission-reception switch 224 and the receiver 230. 
The microcomputer 226 calculates the forward propa- 
gation time t^sec) on the basis of the time when the 
transmitted pulses are generated to the driver 228 and 
the time when the electric signal is received from the 
second ultrasonic transducer 222. 
[0061 ] The transmission-reception switch 224 switch- 
es the operation mode of the first ultrasonic transducer 
21 8 from the transmission mode to the reception mode 
right after the electric signal from the second ultrasonic 
transducer 222 is received and also switches the oper- 
ation mode of the second ultrasonic transducer 222 from 
the reception mode to the transmission mode. Thereaf- 
ter, pulses for generating the ultrasonic waves are trans- 
mitted to the driver 228 from the microcomputer 226. A 
pulse voltage is supplied to the second ultrasonic trans- 
ducer 222 from the driver 228 through the transmission- 
reception switch 224. The second ultrasonic transducer 
222 generates ultrasonic waves corresponding to the 
pulse voltage. The ultrasonic waves are received by the 
first ultrasonic transducer 21 8. The first ultrasonic trans- 
ducer 21 8 generates an electric signal corresponding to 
the received ultrasonic waves to the microcomputer226 
through the transmission-reception switch 224 and the 
receiver 230. The microcomputer 226 calculates the 
backward propagation time t 2 (sec) on the basis of the 
time when the transmitted pulses are generated to the 
driver 228 and the time when the electric signal is re- 
ceived from the first ultrasonic transducer 21 8. 
[0062] By obtaining the mean value of t 1 and t 2 , the 
affection of the flow of the calibration gas in the conduit 
202 can be removed. The ultrasonic propagation time 
t 0 is defined by following equation (11). 

t 0 =(t 1+ t 2 )/2 (11) 

[0063] In this connection, the ultrasonic propagation 
velocity C 0 (m/sec) through the calibration gas at a tem- 
perature T 0 (K) is calculated by the above-described 
equation (3). 

[0064] On the other hand, the relation 

C 0 =L 0 /t 0 (12) 

gives the following equation. 

L 0 =((KRT 0 )/(M O2 P+M N2 (1-P))) 1/2 xt 0 (13) 

[0065] These calculations are conducted by the mi- 
crocomputer 226. The test length L 0 (m) thus calculated 
at the reference temperature T 0 is stored in the memory 
232 as the reference length. 



[0066] Further, by using this reference length Lq, the 
forward propagation velocity V 01 (m/sec) and the back- 
ward propagation velocity V 02 tm/sec), relative to the 
flow direction of the calibration gas, are represented by 
5 V 01 =L 0 /t 1 and V 02 =Lo/t 2 . Therefore 5 the flow velocity V 0 
(m/sec) of the calibration gas in the conduit 202 is ob- 
tained by following equation (14), on the basis of above- 
described equation (2). 

10 

Vo=(V 0 rVo2) /2 ( 14 > 

[0067] Multiplication of the flow velocity V by the sec- 
tional area (m 2 ) of the straight portion 208, perpendicu- 
75 lar to the axis of the straight portion 208 of the conduit 
202, gives a conversion of the flow velocity (m/sec) to 
the flow rate (m 3 /sec). Thus, the reference diameter D 0 
(m) at the reference temperature T 0 (K) of the straight 
portion 208 gives the following equation. 

20 

v 0 n(D 0 /2) 2 =Q 0 (15) 

[0068] Therefore, the reference diameter D 0 (m) at the 
25 reference temperature T 0 (K) can be obtained by follow- 
ing equation (16). 

D 0 =2(Q 0 /(7tV 0 )) 1/2 (16) 

30 

[0069] The above calculation is conducted by the mi- 
crocomputer 226, and the reference diameter D 0 (m) 
thus obtained is stored in the memory 232. 
[0070] According to the above method, the reference 

35 length Lo(m) between the first and second ultrasonic 
transducers 21 8 and 222 is calibrated at a temperature 
To( K ) DV supplying a calibration gas, the component and 
the concentration of which is known, to the apparatus 
200, and measuring the propagation times t1 and t2, in 

40 the forward and backward direction relative to the flow 
of the calibration gas, from the first and second ultra- 
sonic transducers 21 8 and 222. Additionally, by supply- 
ing the calibration gas to the apparatus 200 at a prede- 
termined rate, the reference diameter D 0 (m) can also 

45 calibrated at the same time. 

[0071] Next, the explanation will be directed to a 
method for measuring the flow rate and oxygen concen- 
tration of a sample gas including oxygen and nitrogen, 
the ratio of which is unknown. 

50 [0072] First, the explanation will be directed to an ex- 
ample in which the linear expansion coefficient a(1/K) 
of the conduit 202 is known. 

[0073] The test length L s (m) at a temperature T S (K) 
can be obtained on the basis of equation (6) with the 
55 reference length L 0 (m) and the reference temperature 
T 0 (K) read from the memory 232. The measured tem- 
perature T S (K) can be the mean value of temperatures 
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sensed by the temperature sensors 216 and 220. 
[0074] The first ultrasonic transducer21 8 is set to the 
transmission mode by the transmission-reception 
switch 224 when a sample gas is supplied, as in the cal- 
ibration of the test length of the apparatus 200. Then, s 
transmitted pulses for the ultrasonic waves are gener- 
ated by the microcomputer 226 to the driver 228 so that 
the pulse voltage is supplied to the first ultrasonic trans- 
ducer 218 through the transmission-reception switch 
224. Thus, the ultrasonic waves, corresponding to the 10 
transmitted pulses from the microcomputer 226, are 
generated by the first ultrasonic transducer 21 8, and re- 
ceived by the second ultrasonic transducer 222. The 
second ultrasonic transducer 222 generates the electric 
signal, corresponding to the received ultrasonic waves, is 
to the microcomputer 226 through the transmission-re- 
ception switch 224 and the receiver 230. The microcom- 
puter 226 calculates the propagation time t s1 (sec), in 
the forward direction, on the basis of the time when the 
transmitted pulses are generated to the driver 228 and 20 
the time when the electric signal is received from the 
second ultrasonic transducer 21 8. 
[0075] After the measurement of the propagation time 
t s1 (sec) in the forward direction, the transmission-re- 
ception switch 224 switches the operation mode of the 25 
first ultrasonic transducer 218 from the transmission 
mode to the reception mode, and the operation mode of 
the second ultrasonic transducer 222 from the reception 
mode to the transmission mode. Under this condition, 
ultrasonic waves are transmitted in the backward direc- 30 
tion relative to the flow of the sample gas to obtain the 
propagation time t S2 (sec) in the backward direction by 
a process identical to that for obtaining the propagation 
time t s1 in the forward direction . On the basis of the prop- 
agation times t s1 and t S2 , in the forward and backward 35 
directions, a propagation time t so which does not include 
the affection of the flow is obtained by tsos(t s1 +t S2 )/2 
(sec). Further, on the basis of this results, the ultrasonic 
propagation velocity C s (m/sec) through the sample gas 
is obtained by following equation (1 7). 40 

c s=L s /t S0 (17) 

[0076] The concentration of the oxygen gas P s is ob- 45 
tained by above-described equation (8). 
[0077] Further, the concentration of oxygen in the 
sample can also be obtained as a ratio of the ultrasonic 
propagation velocity in the sample gas and the ultrason- 
ic propagation velocities in 100% of oxygen gas and 50 
100% of nitrogen gas, as in the first embodiment, i.e., 
on the basis of equation (9) with the ultrasonic propaga- 
tion velocity C 02 (m/sec), at temperature T S (K), through 
1 00% of oxygen gas and the ultrasonic propagation ve- 
locity C N2 (m/sec), at temperature T S (K), through 1 00% 55 
of nitrogen gas. 

[0078] Such calculations are conducted by the micro- 



computer 226, and the results are indicated by the dis- 
play unit 234. 

[0079] Next, a method of measuring the flow rate will 
be described. 

[0080] In order to measuring the flow rate, the ultra- 
sonic propagation velocity V S1 (m/sec), in the forward di- 
rection relative to the sample gas, and ultrasonic prop- 
agation velocity V S2 (m/sec), in the backward direction, 
are obtained on the basis of following equations (18) 
(1 9) with above-described L s and the propagation times 
t s1 and t S2> in the forward and backward directions. 

V S i=L s /t S i 0*> 



V S2 = L S /t S2 (19) 

[0081 ] On the basis of equations (1 8) (1 9) and above- 
described equation (13), the flow velocity V s (m/sec) of 
the sample gas is represented by following equation 
(20). 

v s=(V 0 i-V 0 2)/2 (20) 

[0082] In order to convert the flow velocity V s (m/sec) 
to the flow rate Q s (m 3 /sec), the sectional area (m 2 ) of 
the straight portion 208 must be previously obtained. 
The sectional area S s (m 2 ) of the straight portion 208 is 
obtained by following equation (21) with the reference 
diameter D 0 (m) and the reference temperature T 0 (K) 
read from the memory 232, and the linear expansion co- 
efficient a(1/K) of the material forming the conduit 202. 

S s =K((D 0 (1+a(T s -T 0 ))/2) 2 (21) 

[0083] ThetemperatureT s (K) is the same as the tem- 
perature T s at the time of measurement. Thus, the flow 
rate Q s (m 3 /sec) of the sample gas is calculated by fol- 
lowing equation (22). 

Q S =V S S S (22) 

[0084] The above calculations are conducted by the 
microcomputer 226 and the display unit 234 indicates 
the results thereof. 

[0085] Next, the explanation will be directed to an ex- 
ample in which the linear expansion coefficient a(1/K) 
of the conduit 202 is unknown. In such a case, the linear 
expansion coefficient a(1/K) can be easily obtained by 
using the apparatus 200. 

[0086] A calibration gas is supplied to the apparatus 
200 at a first temperature T^K) set by the temperature 
regulator 213. The test length L^m) between the first 



10 



BNSDOCID: <EP 1286159A1 J_» 



19 



EP 1 286 159 A1 



20 



and second ultrasonic transmission-reception devices 
21 8 and 222 is measured by the above-described meth- 
od for calibrating the reference length, as in the first em- 
bodiment. Then, the calibration gas is supplied at tem- 
perature T 2 (K) (T^T.,) to measure the test length L 2 (m), 
in the same manner. In this case, the larger the temper- 
ature difference between and T 2 , the better the ac- 
curacy of the linear expansion coefficient a(1/K) ob- 
tained. 

[0087] WhenT 1t L 1t T 2 , L 2 are obtained, the linear ex- 
pansion coefficient a(1/K) of the material forming the 
conduit 202 is obtained by above-described equation 
(10). 

[0088] The above calculation is conducted by the mi- 
crocomputer 226 and the linear expansion coefficient a 
(1/K) thus obtained is stored in the memory 232. 
[0089] According to the above-described method, the 
linear expansion coefficient a of the material of the con- 
duit 202 can be accurately obtained by supplying single 
calibration gas to the apparatus 200 at two different tem- 
peratures. 

[0090] In the above description, an example has been 
explained in which the temperature of the calibration gas 
supplied to the conduit 202 is regulated by the temper- 
ature regulator 213, which provides means for changing 
the temperature of the apparatus 200, in particular the 
conduit 202. This configuration is shown as an example 
of means for changing the temperature of the apparatus, 
in particular the conduit 202 by the changes in the tem- 
perature of the calibration gas with a premise that there 
is a correlation between the temperature of the calibra- 
tion gas flowing through the conduit 202 and that of the 
conduit 202. However, the present invention is not lim- 
ited to this configuration, and the apparatus 200 may be 
disposed in a thermostatic chamber in the production 
process of the apparatus 200 so that whole of the ap- 
paratus and the temperature of the gas supplied to the 
apparatus 200 set to a predetermined temperature, and 
the linear expansion coefficient a is obtained under such 
a condition. 

[0091] As described above, the present invention al- 
lows the apparatus to be carried by the apparatus itself 
with a single calibration gas without a special calibration 
device. 

[0092] Further, according to the present invention, the 
apparatus can be recalibrated in case of secular change 
of the apparatus. Further, the present invention provides 
accurate measurement of concentration and flow rate 
of a sample gas independently of the temperature of the 
sample gas. 



Claims 

1 . A ultrasonic apparatus for measuring a gas concen- 
tration, comprising: 

a conduit for flowing an objective gas, the con- 



centration of which is to be measured; 
a ultrasonic transmission-reception device 
mounted to the inside of the conduit; 
a reflector mounted to the inside of the conduit 
5 to face the ultrasonic transmission-reception 

device; 

a transmission-reception switch for switching 
the operation mode of the ultrasonic transmis- 
sion-reception device between a transmission 

10 mode for transmitting ultrasonic waves and a 

reception mode for receiving ultrasonic waves; 
a calibration gas source for supplying a calibra- 
tion gas, the component and the component ra- 
tio of which are known, to the conduit; 

15 a temperature sensor, disposed in the conduit, 

for measuring the temperature of the calibration 
gas flowing through the conduit; 
propagation time calculation means for. calcu- 
lating the time period where the ultrasonic 

20 waves propagates through the calibration gas 

in the conduit on the basis of the time when the 
ultrasonic transmission-reception device trans- 
mits the ultrasonic waves and the time when the 
ultrasonic transmission-reception device re- 

25 ceives the ultrasonic waves reflected by the re- 

flector; and 

calibration means for calibrating a reference 
length between the ultrasonic transmission- re- 
ception device and the reflector on the basis of 
30 the calculation results by the propagation time 

calculation means. 

2. A ultrasonic apparatus for measuring a gas concen- 
tration according to claim 1 further comprising linear 

35 expansion coefficient storing means for storing the 
linear expansion coefficient of the material forming 
the conduit; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 

40 the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
centration measurement. 

45 3. a ultrasonic apparatus for measuring a gas concen- 
tration according to claim 1 , further comprising tem- 
perature regulating means for regulating the tem- 
perature of the conduit; 

linear expansion coefficient calculating 

50 means for calculating the linear expansion coeffi- 
cient of the material forming the conduit on the basis 
of the changes in the reference length when the 
temperature of the conduit is changed; and 

correction means for correcting and calculat- 

55 ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
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centration measurement. 

A method of measuring the concentration of an ob- 
jective gas by a ultrasonic gas concentration meas- 
uring apparatus which comprises, a conduit for 5 
flowing an objective gas, the concentration of which 
is to be measured, a ultrasonic transmission-recep- 
tion device mounted to the inside of the conduit, a 
reflector mounted to the inside of the conduit to face 
the ultrasonic transmission-reception device, and a 10 
transmission-reception switch for switching the op- 
eration mode of the ultrasonic transmission-recep- 
tion device between a transmission mode for trans- 
mitting ultrasonic waves and a reception mode for 
receiving ultrasonic waves; the method comprising, *s 
prior to the start of the process for measuring the 
concentration of the gas to be measured, the steps 
of: 

supplying a calibration gas, the component and 20 
the component ratio of which are known, to the 
conduit; 

measuring the temperature of the calibration 
gas flowing through the conduit by a tempera- 
ture sensor disposed in the conduit; 25 
generating ultrasonic waves by the ultrasonic 
transmission device; 

switching the operation mode of the transmis- 
sion-reception device from the transmission 
mode for transmitting the ultrasonic waves to 30 
the reception mode for receiving the ultrasonic 
waves; 

calculating propagation time period where the 
ultrasonic waves propagates through the cali- 
bration gas in the conduit on the basis of the 35 
time when the ultrasonic transmission-recep- 
tion device transmits the ultrasonic waves and 
the time when the ultrasonic transmission-re- 
ception device receives the ultrasonic waves 
reflected by the reflector; and 40 
calibrating a reference length between the ul- 
trasonic transmission-reception device and the 
reflector on the basis of the calculation results. 

A method according to claim 4 wherein the uitrason- 45 
ic gas concentration measuring apparatus further 
comprising: linear expansion coefficient storing 
means for storing the linear expansion coefficient 
of the material forming the conduit; and 

the method further comprising the steps of: so 
measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 55 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 



centration measurement. 

6. A method according to claim 4, further comprising 
the steps of calculating the linear expansion coeffi- 
cient of the material forming the conduit on the basis 
of the changes in the reference length when the 
temperature of the conduit is changed; 

measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

calculating, correcting and calculating the cal- 
ibrated reference length on the basis of the linear 
expansion coefficient and the measured tempera- 
ture. 

7. A ultrasonic apparatus for measuring a gas concen- 
tration, comprising: 

a conduit for flowing an objective gas, the con- 
centration of which is to be measured; 
a first ultrasonic transmission-reception device 
mounted to the inside of the conduit; 
a second ultrasonic transmission-reception de- 
vice mounted to the inside of the conduit to face 
the first ultrasonic transmission-reception de- 
vice; 

a transmission-reception switch for switching 
the operation mode of the first and second ul- 
trasonic transmission-reception devices be- 
tween a transmission mode for transmitting ul- 
trasonic waves and a reception mode for re- 
ceiving ultrasonic waves; 
a calibration gas source for supplying a calibra- 
tion gas : the component and the component ra- 
tio of which are known, to the conduit; 
a temperature sensor, disposed in the conduit, 
for measuring the temperature of the calibration 
gas flowing through the conduit; 
propagation time calculation means for calcu- 
lating a first propagation time period where the 
ultrasonic waves propagates through the cali- 
bration gas in the conduit on the basis of the 
time when the first ultrasonic transmission-re- 
ception device transmits the ultrasonic waves 
and the time when the second ultrasonic trans- 
mission-reception device receives the ultrason- 
ic waves, and a second propagation time period 
where the ultrasonic waves propagates 
through the calibration gas in the conduit on the 
basis of the time when the second ultrasonic 
transmission-reception device transmits the ul- 
trasonic waves and the time when the first ul- 
trasonic transmission-reception device re- 
ceives the ultrasonic waves; and 
calibration means for calibrating a reference 
length between the first and second ultrasonic 
transmission-reception devices on the basis of 
the calculation results by the propagation time 
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calculation means. 

8. A ultrasonic apparatus for measuring a gas concen- 
tration according to claim 7 further comprising linear 
expansion coefficient storing means for storing the 
linear expansion coefficient of the material forming 
the conduit; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
centration measurement. 

9. A ultrasonic apparatus formeasuring a gas concen- 
tration according to claim 7, further comprising tem- 
perature regulating means for regulating the tem- 
perature of the conduit; 

linear expansion coefficient calculating 
means for calculating the linear expansion coeffi- 
cient of the material forming the conduit on the basis 
of the changes in the reference length when the 
temperature of the conduit is changed; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
centration measurement. 

10. A method of measuring the concentration of an ob- 
jective gas by a ultrasonic gas concentration meas- 
uring apparatus which comprises, a conduit for 
flowing an objective gas, the concentration of which 
is to be measured, a first ultrasonic transmission- 
reception device mounted to the inside of the con- 
duit a second ultrasonic transmission-reception 
device mounted to the inside of the conduit to face 
the first ultrasonic transmission-reception device, 
and a transmission-reception switch for switching 
the operation mode of the first and second ultrason- 
ic transmission-reception devices between a trans- 
mission mode for transmitting ultrasonic waves and 
a reception mode for receiving ultrasonic waves; 
the method comprising, prior to the start of the proc- 
ess for measuring the concentration of the gas to 
be measured, the steps of: 

supplying a calibration gas, the component and 
the component ratio of which are known, to the 
conduit; 

measuring the temperature of the calibration 
gas flowing through the conduit by a tempera- 
ture sensor disposed in the conduit; 
generating ultrasonic waves by the first ultra- 
sonic transmission-reception device and re- 
ceiving the ultrasonic waves by the second ul- 
trasonic transmission-reception device; 
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switching the operation mode of the first trans- 
mission-reception device from the transmission 
mode to the reception mode and the operation 
mode of the second transmission-reception de- 
vice from the reception mode to the transmis- 
sion mode; 

calculating a first propagation time period 
where the ultrasonic waves propagates 
through the calibration gas in the conduit on the 
basis of the time when the first ultrasonic trans- 
mission-reception device transmits the ultra- 
sonic waves and the time when the second ul- 
trasonic transmission-reception device re- 
ceives the ultrasonic waves, and a second 
propagation time period where the ultrasonic 
waves propagates through the calibration gas 
in the conduit on the basis of the time when the 
second ultrasonic transmission-reception de- 
vice transmits the ultrasonic waves and the 
time when the first ultrasonic transmission-re- 
ception device receives the ultrasonic waves; 
and 

calibrating a reference length between the first 
and second ultrasonic transmission-reception 
devices on the basis of the calculation results. 

11. A method according to claim 10 wherein the ultra- 
sonic gas concentration measuring apparatus fur- 
ther comprising: linear expansion coefficient storing 
means for storing the linear expansion coefficient 
of the material forming the conduit; and 

the method further comprising a steps of 
measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

correcting and calculating the calibrated ref- 
erence length on the basis of the linear expansion 
coefficient and the temperature, measured by the 
temperature sensor, of the sample gas flowing 
through the conduit for the concentration measure- 
ment. 

12. A method according to claim 1 0, further comprising 
the steps of calculating the linear expansion coeffi- 
cient of the material forming theconduit on the basis 
of the changes in the reference length when the 
temperature of the conduit is changed; 

measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

calculating, correcting and calculating the cal- 
ibrated reference length on the basis of the linear 
expansion coefficient and the measured tempera- 
ture. 

13. A ultrasonic apparatus for measuring a gas flow 
rate, comprising: 
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a conduit for flowing an objective gas, the con- 
centration of which is to be measured; 
a first ultrasonic transmission-reception device 
mounted to the inside of the conduit; 
a second ultrasonic transmission-reception de- 5 
vice mounted to the inside of the conduit to face 
the first ultrasonic transmission-reception de- 
vice; 

a transmission-reception switch for switching 
the operation mode of the first and second ul- 10 
trasonic transmission-reception devices be- 
tween a transmission mode for transmitting ul- 
trasonic waves and a reception mode for re- 
ceiving ultrasonic waves; 
a calibration gas source for supplying a calibra- 
tion gas, the component and the component ra- 
tio of which are known, to the conduit; 
a temperature sensor, disposed in the conduit, 
for measuring the temperature of the calibration 
gas flowing through the conduit; 20 
propagation time calculation means for calcu- 
lating a first propagation time period where the 
ultrasonic waves propagates through the cali- 
bration gas in the conduit on the basis of the 
time when the first ultrasonic transmission -re- 25 
ception device transmits the ultrasonic waves 
and the time when the second ultrasonic trans- 
mission-reception device receives the ultrason- 
ic waves, and a second propagation time period 
where the ultrasonic waves propagates 30 
through the calibration gas in the conduit on the 
basis of the time when the second ultrasonic 
transmission-reception device transmits the ul- 
trasonic waves and the time when the first ul- 
trasonic transmission-reception device re- 35 
ceives the ultrasonic waves; and 
calibration means for calibrating a reference 
length between the first and second ultrasonic 
transmission-reception devices and the inner 
diameter of the conduit, on the basis of the cal- 40 
culation results by the propagation time calcu- 
lation means. 

14. A ultrasonic apparatus for measuring a gas concen- 
tration according to claim 1 3 further comprising lin- 45 
ear expansion coefficient storing means for storing 

the linear expansion coefficient of the material form- 
ing the conduit; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of so 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
centration measurement. 

55 

15. A ultrasonic apparatus for measuring a gas concen- 
tration according to claim 14, further comprising 
temperature regulating means for regulating the 



temperature of the conduit; 

linear expansion coefficient calculating 
means for calculating the linear expansion coeffi- 
cient of the material forming the conduit on the basis 
of the changes in the reference length when the 
temperature of the conduit is changed; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
centration measurement. 

16. A method of measuring the flow rate of an objective 
gas by a ultrasonic gas concentration measuring 
apparatus which comprises, a conduit for flowing an 
objective gas, the concentration of which is to be 
measured, a first ultrasonic transmission-reception 
device mounted to the inside of the conduit, a sec- 
ond ultrasonic transmission-reception device 
mounted to the inside of the conduit to face the first 
ultrasonic transmission-reception device, and a 
transmission-reception switch for switching the op- 
eration mode of the first and second ultrasonic 
transmission-reception devices between a trans- 
mission mode for transmitting ultrasonic waves and 
a reception mode for receiving ultrasonic waves; 
the method comprising, prior to the start of the proc- 
ess for measuring the concentration of the gas to 
be measured, the steps of: 

supplying a calibration gas, the component and 
the component ratio of which are known, to the 
conduit; 

measuring the temperature of the calibration 
gas flowing through the conduit by a tempera- 
ture sensor disposed in the conduit; 
generating ultrasonic waves by the first ultra- 
sonic transmission-reception device and re- 
ceiving the ultrasonic waves by the second ul- 
trasonic transmission-reception device; 
switching the operation mode of the first trans- 
mission-reception device from the transmission 
mode to the reception mode and the operation 
mode of the second transmission-reception de- 
vice from the reception mode to the transmis- 
sion mode; 

calculating a first propagation time period 
where the ultrasonic waves propagates 
through the calibration gas in the conduit on the 
basis of the time when the first ultrasonic trans- 
mission-reception device transmits the ultra- 
sonic waves and the time when the second ul- 
trasonic transmission-reception device re- 
ceives the ultrasonic waves, and a second 
propagation time period where the ultrasonic 
waves propagates through the calibration gas 
in the conduit on the basis of the time when the 
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second ultrasonic transmission-reception de- 
vice transmits the ultrasonic waves and the 
time when the first ultrasonic transmission-re- 
ception device receives the ultrasonic waves; 
and 5 
calibrating a reference length between the first 
and second ultrasonic transmission-reception 
devices and the inner diameter of the conduit, 
on the basis of the calculation results. 

10 

17. A method according to claim 16 wherein the ultra- 
sonic gas concentration measuring apparatus fur- 
thercomprising: linear expansion coefficient storing 
means for storing the linear expansion coefficient 

of the material forming the conduit; and 15 

the method further comprising a steps of 
measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

correcting and calculating the calibrated ref- 20 
erence length and the inner diameter of the conduit, 
on the basis of the linear expansion coefficient and 
the temperature, measured by the temperature 
sensor of the sample gas flowing through the con- 
duit for the concentration measurement. 25 

18. A method according to claim 16, further comprising 
the steps of calculating the linear expansion coeffi- 
cient of the material forming the conduit on the basis 

of the changes in the reference length when the 30 
temperature of the conduit is changed; 

measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

calculating, correcting and calculating the cai- 35 
ibrated reference length and the inner diameter of 
the conduit on the basis of the linear expansion co- 
efficient and the measured temperature. 



Amended claims Under Art. 19.1 PCT) 

1 . A ultrasonic apparatus for measuring a gas con- 
centration, comprising: 



40 



45 



a conduit for flowing an objective gas, the con- 
centration of which is to be measured; 
a ultrasonic transmission-reception device 
mounted to the inside of the conduit; 
a reflector mounted to the inside of the conduit 50 
to face the ultrasonic transmission-reception 
device; 

a transmission-reception switch for switching 
the operation mode of the ultrasonic transmis- 
sion-reception device between a transmission 55 
mode for transmitting ultrasonic waves and a 
reception mode for receiving ultrasonic waves; 
a calibration gas source for supplying a calibra- 



tion gas : the component and the component ra- 
tio of which are known, to the conduit; 
a temperature sensor, disposed in the conduit, 
for measuring the temperature of thecalibration 
gas flowing through the conduit; 
propagation time calculation means for calcu- 
lating the time period where the ultrasonic 
waves propagates through the calibration gas 
in the conduit on the basis of the time when the 
ultrasonic transmission-reception device trans- 
mits the u Itrason ic waves and the time when the 
ultrasonic transmission-reception device re- 
ceives the ultrasonic waves reflected by the re- 
flector; and 

calibration means for calibrating a reference 
length between the ultrasonic transmission-re- 
ception device and the reflector on the basis of 
the calculation results by the propagation time 
calculation means. 

2. A ultrasonic apparatus for measuring a gas con- 
centration according to claim 1 further comprising 
linear expansion coefficient storing means for stor- 
ing the linear expansion coefficient of the material 
forming the conduit; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
centration measurement. 

3. A ultrasonic apparatus for measuring a gas con- 
centration according to claim 1 , further comprising 
temperature regulating means for regulating the 
temperature of the conduit; 

linear expansion coefficient calculating 
means for calculating the linear expansion coeffi- 
cient of the material forming theconduit on the basis 
of the changes in the reference length when the 
temperature of the conduit is changed; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
centration measurement. 

4. (Amended) A method of measuring the concen- 
tration of an objective gas by a ultrasonic gas con- 
centration measuring apparatus which comprises, 
a conduit for flowing an objective gas, the concen- 
tration of which is to be measured, a ultrasonic 
transmission-reception device mounted to the in- 
side of theconduit, a reflector mounted to the inside 
of the conduit to face the ultrasonic transmission- 
reception device, and a transmission-reception 
switch for switching the operation mode of the ultra- 
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>ception device between a erence length on the basis of the linear expansion 

for transmitting ultrasonic coefficient and the measured temperature. 



sonic transmission-! 
transmission mode 
waves and a reception mode for receiving ultrason- 
ic waves; the method comprising, prior to the start 
of the process for measuring the concentration of 5 
the gas to be measured, the steps of: 

supplying a calibration gas, the component and 
the component ratio of which are known, to the 
conduit; w 
measuring the temperature of the calibration 
gas flowing through the conduit by a tempera- 
ture sensor disposed in the conduit; 
generating ultrasonic waves by the ultrasonic 
transmission-reception device; is 
switching the operation mode of the transmis- 
sion-reception device from the transmission 
mode for transmitting the ultrasonic waves to 
the reception mode for receiving the ultrasonic 
waves; 20 
calculating propagation time period where the 
ultrasonic waves propagates through the cali- 
bration gas in the conduit on the basis of the 
time when the ultrasonic transmission-recep- 
tion device transmits the ultrasonic waves and 25 
the time when the ultrasonic transmission -re- 
ception device receives the ultrasonic waves 
reflected by the reflector; and 
calibrating a reference length between the ul- 
trasonic transmission-reception device and the 30 
reflector on the basis of the calculation results. 

5. A method according to claim 4 wherein the ultra- 
sonic gas concentration measuring apparatus fur- 
thercomprising: linear expansion coefficient storing 35 
means for storing the linear expansion coefficient 

of the material forming the conduit; and 

the method further comprising the steps of: 
measuring the temperature of the sample gas 
flowed through the conduit for the concentration 40 
measurement; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the «5 
sample gas flowing through the conduit for the con- 
centration measurement. 

6. (Amended) A method according to claim 4, fur- 
ther comprising the steps of calculating the linear so 
expansion coefficient of the material forming the 
conduit on the basis of the changes in the reference 
length when the temperature of the conduit is 
changed; 

measuring the temperature of the sample gas 55 
flowed through the conduit for the concentration 
measurement; and 

correcting and calculating the calibrated ref- 



7. A ultrasonic apparatus for measuring a gas con- 
centration, comprising: 

a conduit for flowing an objective gas, the con- 
centration of which is to be measured; 
a first ultrasonic transmission-reception device 
mounted to the inside of the conduit; 
a second ultrasonic transmission-reception de- 
vice mounted to the inside of the conduit to face 
the first ultrasonic transmission-reception de- 
vice; 

a transmission-reception switch for switching 
the operation mode of the first and second ul- 
trasonic transmission-reception devices be- 
tween a transmission mode for transmitting ul- 
trasonic waves and a reception mode for re- 
ceiving ultrasonic waves; 
a calibration gas source for supplying a calibra- 
tion gas : the component and the component ra- 
tio of which are known, to the conduit; 
a temperature sensor, disposed in the conduit, 
for measuring the temperature of the calibration 
gas flowing through the conduit; 
propagation time calculation means for calcu- 
lating a first propagation time period where the 
ultrasonic waves propagates through the cali- 
bration gas in the conduit on the basis of the 
time when the first ultrasonic transmission-re- 
ception device transmits the ultrasonic waves 
and the time when the second ultrasonic trans- 
mission-reception device receives the ultrason- 
ic waves, and a second propagation time period 
where the ultrasonic waves propagates 
through the calibration gas in the conduit on the 
basis of the time when the second ultrasonic 
transmission-reception device transmits the ul- 
trasonic waves and the time when the first ul- 
trasonic transmission-reception device re- 
ceives the ultrasonic waves; and 
calibration means for calibrating a reference 
length between the first and second ultrasonic 
transmission-reception devices on the basis of 
the calculation results by the propagation time 
calculation means. 

8. A ultrasonic apparatus for measuring a gas con- 
centration according to claim 7 further comprising 
linear expansion coefficient storing means for stor- 
ing the linear expansion coefficient of the material 
forming the conduit; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
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centration measurement. 

9. A ultrasonic apparatus for measuring a gas con- 
centration according to claim 7, further comprising 
temperature regulating means for regulating the 5 
temperature of the conduit; 

linear expansion coefficient calculating 
means for calculating the linear expansion coeffi- 
cient of the material forming the conduit on the basis 
of the changes in the reference length when the 10 
temperature of the conduit is changed; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the '5 
sample gas flowing through the conduit for the con- 
centration measurement. 

10. A method of measuring the concentration of an 
objective gas by a ultrasonic gas concentration 20 
measuring apparatus which comprises, a conduit 

for flowing an objective gas, the concentration of 
which is to be measured, a first ultrasonic transmis- 
sion-reception device mounted to the inside of the 
conduit, a second ultrasonic transmission-recep- 25 
tion device mounted to the inside of the conduit to 
face the first ultrasonic transmission-reception de- 
vice, and a transmission-reception switch for 
switching the operation mode of the first and second 
ultrasonic transmission-reception devices between 30 
a transmission mode for transmitting ultrasonic 
waves and a reception mode for receiving ultrason- 
ic waves; the method comprising, prior to the start 
of the process for measuring the concentration of 
the gas to be measured, the steps of: 35 

supplying a calibration gas, the component and 
the component ratio of which are known, to the 
conduit; 

measuring the temperature of the calibration *o 
gas flowing through the conduit by a tempera- 
ture sensor disposed in the conduit; 
generating ultrasonic waves by the first ultra- 
sonic transmission-reception device and re- 
ceiving the ultrasonic waves by the second ul- ^ 
trasonic transmission-reception device; 
switching the operation mode of the first trans- 
mission-reception device from the transmission 
mode to the reception mode and the operation 
mode of the second transmission-reception de- so 
vice from the reception mode to the transmis- 
sion mode; 

calculating a first propagation time period 
where the ultrasonic waves propagates 
through the calibration gas in the conduit on the 55 
basis of the time when the first ultrasonic trans- 
mission-reception device transmits the ultra- 
sonic waves and the time when the second ul- 



trasonic transmission-reception device re- 
ceives the ultrasonic waves, and a second 
propagation time period where the ultrasonic 
waves propagates through the calibration gas 
in the conduit on the basis of the time when the 
second ultrasonic transmission-reception de- 
vice transmits the ultrasonic waves and the 
time when the first ultrasonic transmission-re- 
ception device receives the ultrasonic waves; 
and 

calibrating a reference length between the first 
and second ultrasonic transmission-reception 
devices on the basis of the calculation results. 

1 1 . A method according to claim 1 0 wherein the ul- 
trasonic gas concentration measuring apparatus 
further comprising: linear expansion coefficient 
storing means for storing the linear expansion co- 
efficient of the material forming the conduit; and 

the method further comprising a steps of 
measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

correcting and calculating the calibrated ref- 
erence length on the basis of the linear expansion 
coefficient and the temperature, measured by the 
temperature sensor, of the sample gas flowing 
through the conduit for the concentration measure- 
ment. 

1 2. (Amended) A method according to claim 1 0, fur- 
ther comprising the steps of calculating the linear 
expansion coefficient of the material forming the 
conduit on the basis of the changes in the reference 
length when the temperature of the conduit is 
changed; 

measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

correcting and calculating the calibrated ref- 
erence length on the basis of the linear expansion 
coefficient and the measured temperature. 

13. (Amended) A ultrasonic apparatus for measur- 
ing a gas flow rate, comprising: 

a conduit for flowing an objective gas, the flow 
rate of which is to be measured; 
a first ultrasonic transmission-reception device 
mounted to the inside of the conduit; 
a second ultrasonic transmission-reception de- 
vice mounted to the inside of the conduit to face 
the first ultrasonic transmission-reception de- 
vice; 

a transmission-reception switch for switching 
the operation mode of the first and second ul- 
trasonic transmission-reception devices be- 
tween a transmission mode for transmitting ul- 
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trasonic waves and a reception mode for re- 
ceiving ultrasonic waves; 
a calibration gas source for supplying a calibra- 
tion gas, the component, the component ratio 
and the flow rate of wh ich are known, to the con- 5 
duit; 

a temperature sensor, disposed in the conduit, 
formeasuring the temperature of the calibration 
gas flowing through the conduit; 
propagation time calculation means for calcu- 10 
lating a first propagation time period where the 
ultrasonic waves propagates through the cali- 
bration gas in the conduit on the basis of the 
time when the first ultrasonic transmission-re- 
ception device transmits the ultrasonic waves *s 
and the time when the second ultrasonic trans- 
mission-reception device receives the ultrason- 
ic waves, and a second propagation time period 
where the ultrasonic waves propagates 
through the calibration gas in the conduit on the 20 
basis of the time when the second ultrasonic 
transmission-reception device transmits the ul- 
trasonic waves and the time when the first ul- 
trasonic transmission-reception device re- 
ceives the ultrasonic waves; and 25 
calibration means for calibrating a reference 
length between the first and second ultrasonic 
transmission-reception devices and the inner 
diameter of the conduit, on the basis of the cal- 
culation results by the propagation time calcu- so 
lation means. 

14. (Amended) A ultrasonic apparatus for measur- 
ing a gas flow rate according to claim 13 further 
comprising linear expansion coefficient storing 35 
means for storing the linear expansion coefficient 

of the material forming the conduit; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 
the linear expansion coefficient and the tempera- 40 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 
centration measurement. 

15. (Amended) A ultrasonic apparatus for measur- *s 
ing a gas flow rate according to claim 14, further 
comprising temperature regulating means for regu- 
lating the temperature of the conduit; 

linear expansion coefficient calculating 
means for calculating the linear expansion coeffi- so 
cient of the material forming the conduit on the basis 
of the changes in the reference length when the 
temperature of the conduit is changed; and 

correction means for correcting and calculat- 
ing the calibrated reference length on the basis of 55 
the linear expansion coefficient and the tempera- 
ture, measured by the temperature sensor, of the 
sample gas flowing through the conduit for the con- 



centration measurement. 

16. (Amended) A method of measuring the flow rate 
of an objective gas by a ultrasonic gas flow rate 
measuring apparatus which comprises, a conduit 
for flowing an objective gas, the flow rate of which 
is to be measured, a first ultrasonic transmission- 
reception device mounted to the inside of the con- 
duit, a second ultrasonic transmission-reception 
device mounted to the inside of the conduit to face 
the first ultrasonic transmission-reception device, 
and a transmission-reception switch for switching 
the operation mode of the first and second ultrason- 
ic transmission-reception devices between a trans- 
mission mode for transmitting ultrasonic waves and 
a reception mode for receiving ultrasonic waves; 
the method comprising, prior to the start of the proc- 
ess for measuring the concentration of the gas to 
be measured, the steps of: 

supplying a calibration gas, the component and 
the component ratio of which are known, to the 
conduit; 

measuring the temperature of the calibration 
gas flowing through the conduit by a tempera- 
ture sensor disposed in the conduit: 
generating ultrasonic waves by the first ultra- 
sonic transmission -reception device and re- 
ceiving the ultrasonic waves by the second ul- 
trasonic transmission -reception device; 
switching the operation mode of the first trans- 
mission-reception device from the transmission 
mode to the reception mode and the operation 
mode of the second transmission-reception de- 
vice from the reception mode to the transmis- 
sion mode; 

calculating a first propagation time period 
where the ultrasonic waves propagates 
through the calibration gas in the conduit on the 
basis of the time when the first ultrasonic trans- 
mission-reception device transmits the ultra- 
sonic waves and the time when the second ul- 
trasonic transmission-reception device re- 
ceives the ultrasonic waves, and a second 
propagation time period where the ultrasonic 
waves propagates through the calibration gas 
in the conduit on the basis of the time when the 
second ultrasonic transmission-reception de- 
vice transmits the ultrasonic waves and the 
time when the first ultrasonic transmission-re- 
ception device receives the ultrasonic waves; 
and 

calibrating a reference length between the first 
and second ultrasonic transmission-reception 
devices and the inner diameter of the conduit, 
on the basis of the calculation results. 

17. (Amended) A method according to claim 16 
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wherein the ultrasonic gas flow rate measuring ap- 
paratus further comprising: linear expansion coeffi- 
cient storing means for storing the linear expansion 
coefficient of the material forming the conduit; and 

the method further comprising a steps of 5 
measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

correcting and calculating the calibrated ref- 
erence length and the inner diameter of the conduit, 10 
on the basis of the linear expansion coefficient and 
the temperature, measured by the temperature 
sensor of the sample gas flowing through the con- 
duit for the concentration measurement. 

15 

18. (Amended) A method according to claim 1 6, fur- 
ther comprising the steps of calculating the linear 
expansion coefficient of the material forming the 
conduit on the basis of the changes in the reference 
length when the temperature of the conduit is 20 
changed; 

measuring the temperature of the sample gas 
flowed through the conduit for the concentration 
measurement; and 

correcting and calculating the calibrated ref- 25 
erence length and the inner diameter of the conduit 
on the basis of the linear expansion coefficient and 
the measured temperature. 
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